Preliminary Amendment 

Applicant: Bernd Betz et al. 
Serial No.: Unknown 

(Priority Application No. DE 103 48 715.8 ) 

(International Application No. PCT/DE2004/002199) 
Filed: Herewith 

(Priority Date: October 16, 2003 ) 

(International Filing Date: October 1 , 2004) 
Docket No.: 1431.155. 10 1/FIN 527 PCT/US 

Title: PROCESS FOR PRODUCING AND APPARATUS FOR IMPROVING THE BONDING BETWEEN A 
PLASTIC AND A METAL 



REMARKS 

This Preliminary Amendment amends the above identified Utility Patent Application 
filed herewith. With this Preliminary Amendment, claims 1-15 have been cancelled. Claim 
16-41 have been added. Claims 16-41 remain pending in the application and are presented 
for consideration and allowance. 

A substitute specification is included herewith. The specification contains no new 

matter 



CONCLUSION 

Applicants hereby authorize the Commissioner for Patents to charge Deposit Account 
No. 50-0471 in the amount of $900.00 to cover the fees as set forth under 37 C.F.R. 
1.16(h)(i). 

The Examiner is invited to contact the Applicants' representative at the below-listed 
telephone number to facilitate prosecution of this application. 
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(Priority Application No. DE 103 48 715.8 ) 

(International Application No. PCT/DE2004/002 1 99) 
Filed: Herewith 

(Priority Date: October 16, 2003 ) 

(International Filing Date: October 1, 2004) 
Docket No.: I431.155.101/FIN 527 PCT/US 

Title: PROCESS FOR PRODUCING AND APPARATUS FOR IMPROVING THE BONDING BETWEEN A 
PLASTIC AND A METAL 



Any inquiry regarding this Preliminary Amendment should be directed to Steven E. 
Dicke at Telephone No. (612) 573-2002, Facsimile No. (612) 573-2005. In addition, all 
correspondence should continue to be directed to the following address: 

Dicke, Billig & Czaja 

Fifth Street Towers, Suite 2250 
100 South Fifth Street 
Minneapolis, MN 55402 

Respectfully submitted, 

Bernd Betz et al., 

By their attorneys, 

DICKE, BILLIG & CZAJA, PLLC 
Fifth Street Towers, Suite 2250 
100 South Fifth Street 
Minneapolis, MN 55402 
Telephone: (612) 573-2002 
Facsimile: (612) 573-2005 



Date: gjgW / l\ T^M (, 
SED:dmw ~ 




Steven E. Dicke 
Reg. No. 38,431 



CERTIFICATE UNDER 37 C.RR. 1.10 : 
"Express Mail" mailing label number: EV309842205US 
Date of Deposit: April 13.2006 

The undersigned hereby certifies that this paper or papers, as described herein, are being deposited in the United States Postal Service 
"Express Mail Post Office to Addressee" service under 37 C.^.R. 1/1 0 on the date indicated above and is addressed to: Commissioner for 
Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 




:: Vanessa Carels 
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PROCESS FOR PRODUCING AND APPARATUS FOR IMPROVING 
THE BONDING BETWEEN A PLASTIC AND A METAL 

Field of Invention 

The invention relates to -a semiconductor having a leadframe or its base 
body for a semiconductor device , and a method of producing the semiconductor . 



Background 

A leadframe of this type is known from US-A 5,554,569. This document 
describes a process for mechanically roughening the surface of a leadframe by 
bombardment with abrasive, microscopically small particles which include, inter 
alia, sand, silicon dioxide or aluminum dioxide. 
15 The leadframe described in US-A-5,554,569 can scarcely be produced 

economically, since a dry process has to be carried out in addition to the wet- 
chemical processes used to clean and improve the leadframe surface in a closed 
production line with baths arranged spatially in succession. Moreover, a 
cleaning step has to be provided for in order to remove the residues of blasting 
20 agents from the leadframe surface. 

US-A 5,554,569 also reports on bonding agents for improving the 
bonding between leadframe and plastic encapsulation. Moreover, it states that it 
is known that the bonding between leadframe and plastic can be improved by the 
targeted application of copper oxides to the leadframe. However, the 
25 abovementioned processes all have the drawback of being difficult to carry out. 

Moreover, damage and unreliability still occur in operation with all of the 
semiconductor devices produced using the processes known from the prior art. 
For these and other reasons there is a need for the present invention. 



Summary 

Therefore, it is on object of t The present invention-te provide provides a 
semiconductor device which can always be operated reliably. 
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j This object is achieved by the s ubject matt e r of the ind e pendent pat e nt 

claims. Advantageous refinements will emerg e from the respective dependent 
patent claims. 

In one embodiment, T the invention provides a leadframe or its base body 
5 having a roughened, three-dimensional surface, which offers greatly improved 
bonding for the encapsulating plastic in the semiconductor device. The 
production process according to the invention can easily and economically be 
integrated in the existing manufacturing sequence used to clean and improve the 
leadframe. 

10 The leadframe, after stamping, is subjected to various wet-chemical 

and/or electrodeposition processes, such as degreasing, pickling and/or the 
application of various layers. 

Following these conventional manufacturing-step s processes? according 
to the invention^ in a first step a further interlayer is applied by a wet-chemical 

15 route, this further interlayer including nickel and/or silver and/or a silver- 
containing alloy or compound. In a s Second-step, once again by a wet-chemical 
route, the surface of the applied interlayer is etched into in such a way that the 
j interlayer acquires a three-dimensional surface structure. In a final step, t The 
leadframe is cleaned in order to remove all impurities which have collected on 

20 the surface. 

The advantage of this process for producing the leadframe according to 
the invention with improved bonding is that on account of the type of processes 
involved it is possible without major outlay to introduce the required 
manufacturing steps into an existing production line used to clean and improve 

25 leadframes. The application and etching of the interlayer according to the 

invention are carried out in separate baths, while existing tanks can be used for 
the final cleaning step. 

A further advantage for leadframes which are produced and processed in 
the form of endless strips compared to the prior art is that it is easy for additional 

30 baths to be integrated in the production line, which is being adapted to the 

endless form. By contrast, the introduction of a chamber for the blasting process 
into an endless line entails major technical problems in particular on account of 
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the sealing which is required at the entry to the chamber and the exit from the 
chamber. 

The advantage of the leadframe according to the invention compared to 
leadframes whose surface has been treated with bonding agents lies in the much 
5 lower production costs. 

The advantage over a leadframe whose surface has been treated by means 
of blasting, in addition to the lower costs on account of simplified production, is 
also that the leadframe according to the invention, in accordance with the quality 
of the final cleaning step, is free of disruptive particles, which can cause the 
10 failure of a device. 

As has already been mentioned, a particularly economical way of 
applying the silver required for the interlayer is deposition from an aqueous bath 
by means of conventional chemical deposition or electrodeposition processes, 
since such processes are easy to integrate in the existing manufacturing line used 
15 to clean and improve the leadframe. 

The same applies to interlayers which include a silver alloy and/or silver 
compound and/or nickel. In this case too, wet-chemical deposition processes are 
advantageous. 

The interlayer may in this case be applied as a single layer which serves 

20 only to produce a three-dimensional surface structure. 

However, it is also possible and conceivable for a layer which comprises 
a plurality of individual layers to be applied instead of one homogeneous 
interlayer. This is desirable in particular if the interlayer, in addition to 
providing the three-dimensional surface structure, is also to perform further 

25 tasks. One conceivable use example in this respect is the application of an 
additional individual layer to a leadframe which includes copper or an iron- 
nickel alloy, or Alloy 42, for eutectic devices, in which this additional individual 
layer acts as a mechanical buffer for compensating for stresses which occur 
during attachment of the semiconductor chip. 

30 It is also conceivable and possible for the various individual layers either 

to have different chemical compositions or to have the same composition but 
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then to be deposited in different processes and therefore to have different 
mechanical properties, 
j The application of the interlayer is followed, as a further process-step, by 

a treatment of the surface in order to obtain the three-dimensional structure 
5 required to improve the bonding. It would be possible for this three-dimensional 
structure to be formed by the targeted formation of dendrites at the surface. 
However, for economic reasons and for simplicity of process control it is also 
advantageous to form a three-dimensional structure by etching into the surface of 
| the interlayer, i.e.^ by the controlled production of voids in the surface. 
10 Moreover, it is conceivable and possible for this three-dimensional 

structure to be produced by coarse deposition or by relatively coarse regions or 
structures of nickel and/or silver and/or a silver alloy with a subsequent etch. 

Two different etching methods, which may have different advantages 
depending on the composition of the interlayer, are recommended for etching 
15 into the surface. 

Firstly, it is possible to produce voids by a grain boundary etch. This 
process is advantageous if the interlayer is a pure silver layer. 

If the interlayer is a silver compound and/or nickel and/or a silver alloy, 
such as for example a silver-zinc alloy containing approx. 2% to approx. 5% 
20 zinc, it is advantageous for the compound component or the alloying component 
to be etched out in order to form the voids. 

A simple way of implementing the process according to the invention for 
producing a leadframe with an interlayer in accordance with the invention, 
which is advantageous therefore in particular for economic reasons, provides for 
25 a uniform treatment of the entire surface of the leadframe in accordance with the 
present invention. 

However, depending on the type of leadframe and/or of the finished 
device, it may also be advantageous for only certain regions of the leadframe to 
| be treated in accordance with the present invention, i.e. A for the three- 
30 dimensional surface structure to be applied only to certain locations. One 

conceivable application is devices for the field of automotive engineering, in 
which a critical point is the penetration of moisture via extremely small gaps 
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between leadframe and plastic. The size of these gaps can be reduced by the 
application of a frame with a surface structure which improves bonding 
according to the present invention around the semiconductor chip. 

The nature of the leadframe and/or of the finished device also determines 
5 the chemical composition of the interlayer. Depending on, for example, the 
required electrical and thermal conductivity, the hardness and/or other desired 
mechanical properties, either a pure silver layer and/or a silver alloy and/or a 
silver compound and/or nickel may be advantageous. 

To improve the bonding of plastics which are customarily used on the 

10 surface of the leadframe, it is advantageous if the surface of the interlayer 
according to the invention has a geometry as described below. The typical 
roughness average R a or waviness and/or surface roughness average S a is 
between approx. 0.1 jam and approx. 0.9 nm, preferably between approx. 0.1 |im 
and approx. 0.5 |um. The matrix of islands of remaining material typically has a 

15 mean width of approx. 0.5 |am, and the voids located therein typically have a 
width of approx. 2 (im. 

The geometry of the surface of the interlayer according to the invention 
can also be described by the ratio of islands to voids. Evaluation of a typical 
surface according to the present invention provides the following results: the 

20 ratio of the surface areas of islands to voids is typically in the range between 
approx. 2:1 and approx. 1:2. 

Further embodiments, which will not be dealt with in more detail here, 
include interlayers with different compositions than those which have been 
mentioned thus far. Within the context of the present invention, it is appropriate 

25 to use all materials which, according to the present invention, can be etched into 
at their surface to produce a three-dimensional structure. In particular materials 
which produce interlayers which can be used for conventional chip attachment 
processes and conventional contact-connection processes are particularly 
advantageous. 

30 Moreover, it is conceivable and possible for the interlayer according to 

the invention to be applied not by means of wet-chemical methods, but rather by 
chemical or physical vapor deposition processes, i.e.^ CVD or PVD. An 
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embodiment of this type is advantageous if extremely high demands are imposed 
on the purity of the resulting interlayer. 

Brief Description of the Drawings 

The accompanying drawings are included to provide a further 
understanding of the present invention and are incorporated in and constitute a 
part of this specification. The drawings illustrate the embodiments of the present 
invention and together with the description serve to explain the principles of the 
invention. Other embodiments of the present invention and many of the 
intended advantages of the present invention will be readily appreciated as they 
become better understood by reference to the following detailed description. 
The elements of the drawings are not necessarily to scale relative to each other. 
Like reference numerals designate corresponding similar parts. 

The semiconductor device according to the invention is described below 
on the basis of exemplary embodiments corresponding to the drawing, in which: 

Figure 1 shows illustrates a cross section through a semiconductor 
device according to the invention?; 

Figure 2 shows illustrates the schematic structure of an interlayer in 
accordance with a first embodiment of the invention?; 

Figure 3 shows illustrates the schematic structure of the interlayer 
according to the invention from Figure 2 after an etching process has been 
carried out T ; 

Figure 4 shews - illustrates the schematic structure of a further interlayer 
according to the invention?; 

Figure 5 shews -illustrates the schematic structure of the interlayer 
according to the invention from Figure 4 after an etching process has been 
carried out?; 

Figure 6 shows illustrates the schematic structure of an interlayer in 
accordance with a further embodiment of the invention?; 

Figure 7 shows- illustrates the schematic structure of the interlayer 
according to the invention from Figure 6 after an etching process has been 
carried out?: 
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Figure 8 shews - illustrates the schematic structure of the transition 
between interlayer according to the invention and plastic in accordance with the 
first exemplary embodiment^ 

Figure 9 shew s illustrates - the schematic structure of the transition 
between interlayer according to the invention and plastic in accordance with the 
exemplary embodiments from Figures 5 and 7-iand 

Figure 10 shews - illustrates a scanning electron microscope image of the 
surface of the interlayer according to the invention after the etching process has 
been carried out. 



Detailed Description 

In the following Detailed Description, reference is made to the 
accompanying drawings, which form a part hereof, and in which is shown by 
way of illustration specific embodiments in which the invention may be 
15 practiced. In this regard, directional terminology, such as "top." "bottom/' 
"front," "back," "leading." "trail nig" etc.. is used with reference to the 
orientation of the Figure(s) being described. Because components of 
embodiments of the present invention can be positioned in a number of different 
orientations, the directional terminology is used for purposes of illustration and 
20 is in no way limiting. It is to be understood that other embodiments may be 

utilized and structural or logical changes may be made without departing from 
the scope of the present invention. The following detailed description, therefore, 
is not to be taken in a limiting sense, and the scope of the present invention is 
defined by the appended claims. 
25 Figure 1 shews - illustrates a greatly enlarged cross section through one 

embodiment of a semiconductor device 1. The drawing is not to scale; the size 
ratios are illustrated on a distorted scale for the purpose of illustrating the 
schematic structure. 

In addition to a semiconductor chip 2, the semiconductor device 1 has a 
30 base body 3 with interlayer 5 according to the invention. Semiconductor chip 2 
and base body 3 are surrounded by a plastic compound 4. 
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The contact-connection of the semiconductor chip is not illustrated for 
the purpose of simplicity and since it is of no importance to the present 
invention. 

| Figure 2 shews -illustrates a greatly enlarged view, not to scale, of the 

5 schematic structure of the interlayer 5 according to the invention before the 

etching process is carried out. According to a first embodiment, this interlayer 5 
includes silver. The individual silver grains 8 which form a continuous surface 6 
without voids 10 are illustrated in the figure. The underside 7 of the interlayer 5 
is connected to the outer side of the leadframe (not shown here). 

10 | Figure 3 shews -illustrates a greatly enlarged view, not to scale, of the 

schematic structure of the interlayer 5 according to the invention after the 
etching process has been carried out. As in Figure 1 , according to a first 
embodiment this interlayer 5 includes silver. The underside 7 of the interlayer 5 
is identical to that shown in Figure 1. However, the surface 6 now has voids 10 

15 which have formed between the relatively small grains 9 of the surface 6 which 
has been etched into, 
j Figure 4 shews -illustrates a greatly enlarged view, not to scale, of the 

schematic structure of the interlayer 5 according to an alternative embodiment of 
the invention before the etching process is carried out. In accordance with this 

20 embodiment, this interlayer 5 includes a silver alloy. Therefore, in addition to 
the silver grains 8, Figure 4 also shows grains 1 1 which include the further 
alloying components. The interlayer 5 likewise has a surface 6 without voids 10, 
but in this embodiment the surface is composed of silver grains 8 and grains of 
the alloying component 1 1 . The interlayer 5 of this embodiment is connected to 

25 the outer side of the leadframe (not shown here) via the underside 7 once again. 
| Figure 5 shews -illustrates a greatly enlarged view, not to scale, of the 

schematic structure of the interlayer 5 in accordance with an alternative 
embodiment of the invention after the etching process has been carried out. As 
in Figure 3, according to this alternative embodiment, the interlayer 5 includes a 

30 | silver alloy, i.e >:l grains of the alloying component 1 1 are present in addition to 
the silver grains 8. The underside 7 of the interlayer 5 is once again identical to 
that shown in Figure 3. The surface 6 has voids 10 which, unlike in Figure 2, 
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have been formed by removing the grains of the alloying component 1 1 between 
the remaining silver grains 8. The remaining silver grains 8 are of unchanged 
size. 

j Figure 6 shows illustrates a greatly enlarged view, not to scale, of the 

5 schematic structure of the interlayer 5 according to a further embodiment of the 
invention, once again before the etching process is carried out. According to this 
embodiment, the interlayer 5 includes two individual layers of different 
compositions; in the exemplary embodiment shown here, the lower individual 
layer 12 includes silver, while the upper individual layer 13 is formed from a 

10 silver alloy. According to this exemplary embodiment, the interlayer 5 is 

connected to the outer side of the leadframe (not shown here) via the underside 7 
of the lower individual layer 12. The structure of the upper individual layer 13 
of this interlayer 5 corresponds to the structure shown in Figure 3, except that the 
underside of the upper individual layer 13 is not in direct contact with the 

15 leadframe, but rather represents the interface with the lower individual layer 12. 

Figure 7 shows illustrates a greatly enlarged view, not to scale, of the 
schematic structure of the interlayer 5 in accordance with a further embodiment 
of the invention after the etching process has been carried out. The surface 
structure formed in this embodiment is of similar type to that shown in Figure 5, 

20 | i.e. A it includes voids 10 which are formed by the removal of grains of the 

alloying component 11, while leaving behind the silver grains 8 of unchanged 
size. 

j Figure 8 and Figure 9 show ^illustrate a greatly enlarged view, not to 

scale, of the schematic structure of the interlayer 5 according to the invention 

25 after the etching process has been carried out and after the application of the 
plastic 4 corresponding to the semiconductor device 1 . The plastic 4 has 
penetrated into the voids illustrated in Figures 3, 5 and 7. 

Figure 10 skews -illustrates a scanning electron microscope image of the 
three-dimensional structure of the surface 6 of the interlayer 5 in accordance 

30 with the first embodiment. The islands 14 of the remaining material with a 
typical mean diameter of approx. 0.5 \xm can be recognized as light regions, 
surrounded by dark voids 10 with a typical mean void width of approx. 2 |im. 
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According to the present invention, a feature common to all the 
embodiments is that the etching process according to the invention modifies the 
surface 6 of an interlayer 5 which has been applied to the base body 3 for this 
purpose in such a way that voids 10 are formed in the surface 6 of the interlayer 
5 5, as diagrammatically depicted in Figures 3, 5 and 7. These voids 10, on 
account of their size and geometry, allow the plastic 4 of the semiconductor 
device 1 to be mechanically anchored on or interlocked with the surface 6 of the 
interlayer 5, as diagrammatically depicted in Figures 8 and 9. 
| Figure 6 and Figure 7 shew -illlustrate a two-layer structure of the 

10 interlayer 5. The upper individual layer 13 of the interlayer 5 is etched into in 
accordance with the invention in order to produce the three-dimensional 
structure for anchoring or interlocking the plastic 4 on the interlayer 5. 

The lower individual layer 12 is applied in order to impart additional 
properties, such as for example a defined elasticity, to the interlayer 5. The 
15 upper individual layer 13 and lower individual layer 12 may, but need not, have 
different chemical compositions. It is conceivable and possible for both 
individual layers to have the same chemical composition but to be deposited in 
different process steps and therefore to have different mechanical properties. 
I Figure 7 skews- illustrates an embodiment having an upper individual 

20 layer 13 which includes a silver alloy. The lower individual layer 12 is not 

specified in more detail, and therefore may, for example, include nickel and/or 
silver and/or a silver alloy. 
| The scanning electron microscope image in Figure 10 ehews ^illustrates 

the three-dimensional structure of the surface 6 of the interlayer 5, which by 
25 virtue of the voids 10 creates spaces for the anchoring or interlocking of the 
plastic 4 on this surface 6. 

The following procedure is adopted to produce the interlayer according 
to the invention as shewfi -illustrated in Figure 3. 

To produce the interlayer according to the invention, the grain boundaries 
30 of the interlayer 5 which includes silver and had been applied to a nickel-plated 
leadframe, were etched into by means of sulfuric acid (H2SO4) in accordance 
with the parameters listed in Table 1 . For this purpose, the sulfuric acid 
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comprising approx. 96% strength sulfuric acid (H 2 S0 4 ) was produced by 
dilution with water in accordance with the values indicated in Table 1. 



Table 1 - Etching of grain boundaries of a silver interlayer 



Parameter 


Value approx. 


Current density 


2 A/dm 2 


Time 


16 sec 


Temperature 


55°C 


Dilution of the approx. 96% strength sulfuric acid with 
water 


140 ml/L 
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By means of these etching parameters, the three-dimensional structure 
| shewfi -illustrated in Figure 10 was produced on the surface 6 of the silver- 
containing interlayer 5, the characteristic geometric variables of which surface 
are compiled in Table 2. 

10 

Table 2 - Typical characteristic geometric variables of the etched surface 



Characteristic variable 


Value approx. 


Grain size of the silver (after etching) 


~ 0.5 urn 


Width of the voids 


~ 2 |nm 


Roughness average R a or S a 


0.1 -0.5 iim 



The roughness average R a is defined as the arithmetic mean of the 
absolute profile deviation within the total measurement distance, equating to the 
15 height of a rectangle having the same surfaces as the surfaces between the profile 
centerline and the actual profile. 

Further tests were carried out in order to determine the entire range of 
parameters within which etching into the silver grains 8 leads to the formation of 
the interlayer 5 according to the invention with a surface geometry 
20 corresponding to the characteristic variables given in Table 2. The results of 
these tests are compiled in Table 3. 



Table 3 - Range of possible etching parameters 



Parameter 


Value approx. 


Current density 


0.5 - 4 A/dm z 


Time 


4-40 sec 


Temperature 


25 - 60°C 


Dilution of the approx. 96% strength sulfuric acid with 
water 


100 - 200 ml/L 
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A further result of these tests in accordance with the present invention 
was the range of possible roughness averages, i.e. the roughness averages for 
which the desired interlocking or anchoring of the plastic 4 at the surface 6 of the 
interlayer 5 is possible. According to these tests, the roughness averages R a are 
typically between 0.1 and 0.9 fim. 

According to the present invention, as per the example shown here, it is 
possible to find a range of parameters for etching out the alloying components in 
the interlayer 5 which includes nickel and/or a silver alloy and/or a silver 
compound. 

Although specific embodiments have been illustrated and described 
herein, it will be appreciated by those of ordinary skill in the art that a variety of 
alternate and/or equivalent implementations may be substituted for the specific 
embodiments shown and described without departing from the scope of the 
present invention. This application is intended to cover any adaptations or 
variations of the specific embodiments discussed herein. Therefore, it is 
intended that this invention be limited only by the claims and the equivalents 
thereof. 
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